Microcosm to Macrocosm Via the Notion of a Sheaf (Observers in Terms of t-Topos) by Kato, Goro
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,\1,,1/1' /1/"/1' • /1/11111//111 ,,/ ('///,1,,, ////' /',,11/1. ,111"/ ~'",/, (1///1'" /"1
'//" /'1/ ()If/'/IIJ, (' '1/111/ I 8, I
!I~''''/I'" I //1/1/111/ / rli/
Ih, 11111.111111"111,,1 '11'1",,, ... 11 III\\lllli 111/""'1. '1'''''' "lid 111111' I~ 111II1 I'''III!'I,·~
(4'111111 01""41 01 111111111""110 '" 11" "" '''"l). _I"" 1 "" 11011' "'1' "II pl'l',Ill'IlII-
liI'd \;.11111,1\ 1111' '"'''', pi "f Il 1'1< ,Io"/lf \' 111,,,1 IlIlIrI II 1111 ,",,1 rill 1II1l11!'1 'II"""
111111 1111", ,\11 ,,1""1'\/1111111 III II 11111111 It I- '"I''' "111",1 1,\ II 1I11"pl;1s," flllill
II" lIh'I\"'lplllt/lktll 'I""",I"tll"' 111,,1)llIth, nhlT\'!'r(II"c""d,IIt·"
I'" 10..." I ""'1 ., 'I'" ih'" IIhl'" (, Ilkd ,I 1;"11"1,11111'" lhll" 1"',1",1) "I " I·,It.'
til 1IlI"'l;lIl' \\1110" <:1011"IUlud. IIIP"I"Il\) 1111,111'"'111"1"'" pW'hk, II
"'" .• IPllldqwl1Ih"lu .tllrl h.tt kt.:,lulIlI.1 p... f ItI1Ut flU 11"".1' t illt t bu lilt t·"'I"
Ih.ltlf'llf luratluhlilult pHtt .• u.1 tUHf ,,,.11 14'h'" ddimd tJ' Ih. it U Illt·.1
fMt1U If. \\hf IMtlult .1'","llIl--lIt \ • n 011 ('lu"ln' IJI t11111lU11I1I "ulnll~I, ....
nil III) It I tltU 1,,1 It II' "" IIlili 1111 ,ndfuMI.,1 t-Iop",,, HUt' ptu,i.l•.1.1'-'1"
rUt 1"uh I 1,atullll'4 nlHl • IIII' It h lutluulnlltJU ul lilt" IU UltJI' t Hlltl tllU r. uhJt't 1
IlIl •••• II"H '111Ut 1\ 1nr .. pl .. Ifl nilit. I"". III 1·t lllt l
1. 111 r <111 II
1111' c'olWl'pl 111'11 10114' II IJlJll'lItl'd ill I!llll' 1.\ 1."1 II 111 ,t1V,I'!llllic IOJ!ol"V-.I·
nllli ",\' 1\ ( kll ill I til' Illl'Il' \' 01 1111:11,\ I if' 1'11111'1 iOIl ill 1>4'\('lId C'\I111pll" "Mi-
IIhl,'s 111 I~)(ill\. IIIt'Il'\ "I' sll('I1\"1' kollllllllll"v,.\ fll' 1-0111'11\ (':.l 11111111' 1I'f'II11'II-
dOllS ch'Vl'lopllll'lll ill 1I1l-\1,llI'ld,· ~I'lIl1l1'II'V, ('''IH'I'illll~' h,\ :I'll I 11 'lldil'l'k flild
111 1I1v,('lmdl' IIIIIII,\'l'ois h,l I. SIIII) Hilt! ~1. l\lI.~hi\\'III·'I. Till' 111I1 iOIl til' II ,,111'111"
IIl1s h '('II IISI'IIIIIlI,I:dll v,10111I1 1111'011111111011 l'1'lllll 101'111 II \111, TIl<' dl'lillil it II I
01 II 1'0111'111' is II ('IlIIII'lIl'lIl'illlll (11I1('111I 1'11111 ,. ('IIII'j!,OI,1 \\'il II II ;1'''llll'lIdit'('k
H'POIIlAI, ('nih d /1 "ill', 10 1 c'nll'j!,01,\ "nll..(yillv, Il" slll'lIl' IISIlllll I. ill linlll'd
ill III. [:21. :11, lilt' 1101111111 r I "Illll-o, i.1' /1 1';111'lI.OI\'OI' (\11'1'-) 1'>111'/1\'(', lI\1'l'
\ I'lll('v,ol\' \\'11" II :lollll'lllli,'('" 101'01111'\ llillo 11('('11 \I I'd I" sl 1111\ 1)1\ 111111111
11.1 "'11,\ 1.\ IsllIlll I" 11111. ~Illili I HIiPIII" I. ill [:"11, :I\ts :Iil\kl'\·i.dll~' ill
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I.. 1\111011... ill 17 IIlIell .... ' .llId 01111'1:-.0111' IIf III(' dlidll'lI~I'"  for :'lIdl 11 .ll('lIn' 
,... 10 "\pl"llI I Ill' phl"'Il.i1II'lllill 11\ Itllildill~ a lllil'I.>-IIIlII'l"O 11I1'OIT, Il,hic,ll 
i.. "'I lilt illdl'pl'IUII'1I1 (c'lt. 11'..... iAIIIIIA 1'1 'a I 1111111111'1'''' or ('olllpl,'" 1II111dlC' ..... fOI 
1IH'II... Hl illl:, q 1111 III illl'''), alld hll\'kl!,ltIllIul plIn·IIIlI(' frel', III f(Ullllllllll 1-\1 ,1I'il I, 
"11,11 11111"111) lICI,e1" ICll"·III'I11-kI.\IIIII,,,I p,, ... 'lilll('lt·,,,.. 1111'111',1' [110111 1II('IIn 
ot I 1111111.... 1\1' IIIIIC' IIIJIlIilll'e1l'l'I'I,lili 1,,\·, J" lIf ..Ill·'·'·....... 1I......iJvWII ill Ii'!. !t)], 
'I) flll l [II hll II AI'lIc,ltd :-111 \I I 1111 I III' fOlltHllIl iOIl .. IIf piJy... il·" l'iI:'I'.I Oil 
Iilddl'lI VIIlI/IIlII 11ll'lIIi,':-. "'C'l' 12. Wh"11 till' 1'1'11IJll" 1111 \'miuu:- Iht'odl'" illld 
Idl'II" \lIIh dil,'c I 1·'llI'lillll·llllIllIpplil·llIillll... lIl1· llilll""I,l~hk  gil·'·11. 
\\l' pl'II'1I liil Ide' I hI' pI 1.\':001<-111 \l'ol'lt! illin 1111' 1I!i('l'IIC'II"i1i1 \1'111'1'1' qllltlllllill 
pl1,\'sil"~  il' Ilppll,,1! 111111 1111' 111111'1'1),'0:"'111 \1'11('1'1' (·III:,sil'1I1 (or/lIl1d 1'I'llIlil·i"'lil') 
1111'111111111'1' i"lIpplil,t1, ()III' 011111' IIIIllllIlll(·llllllllpP"'"ll'hl,... llIolll;!ill ;1 1lllifil'cl 
1111'111'1' I... !o hllild 1111' Alohul (lIUII'I'II) I,h.ic·l·l illflll'mal iOIl I'nJlli "llld~'ill~  lund 
(11111111) olljl·c'h. 1'111' 1II,ldl'qllltl'.1 01 I Ill' Il'acliriollal.·11I1,illllI1ll1-1,,,s.·dlllOdl·l:­
{I'~'  , 11I,,"i('ld dilfl''''11l inl W"lIlIl'lIy 11IIM'cl IIl1l'ill1"l 1'I'llll1llllllwl's 01' (,{lIllpll'\ 
1111111111'1"') 11" hll,,1 pl!l .. il'ld 1h.·. II i.·... 11"" III ('11 PJlillll·t! JllIt 11.1 I·al'lllll:. 01111111 ...... 
0111 IIPPIIIIIC 11 i.. tllllppil ,III' C·IIIII.'pl 11111 (pl'l')"II('"f H" il 1'<llldid,llc' lill' "111'11 
""l1ihIIA 1111'1111 llc'IIiI. 1111 Illllclilllll'lIflllll'ldil\ i.. tll ...nilll'd by iI .li"nl"ll· 
(11111'l'pt "lit I Ill' 111/1 i.llh of '"/CAclI i,· 1I11e1 ..111'1\\('1'1. \\,(' IlC'c'(l 10 d'~lTilll'  IIII' 
{1I1111'pl .....1 \\,11', pill 1il Ie· clllllli,,·, 111.'\ '"1'1111111 ilild qllHlllIlIli t'lllilll~)I'llI"lIl  
III Illic l.wlI"lIl lllltl till' C'lIl1l'I'ph IIf II 1ijJ,11l-l1I1I1' HIlII IIII' ll;l'al'ir;11 ionlll "Hi'd 
011 "'pIUI'IIIIII' ill 111<111111'0...111. (S.·" 1111 ilhlll( n'h'Ii'IIl'C"") 11I,1'I' i" 11111' illiliHI 
...1I I' 11I\\i11 rI ..."." il III1i1h'II11t111 11,,"1'1 01' 1111 \'C'I\' ...1lIa II. 1101 ,,0 ;'111;111 ,llId 
!ll" II11A" "i1l1l11' 01 till' 11·... 1111 ... 1""1' 111"'11 "hlllilll'd tllward IIIis ~oi'll ill [7. 
1,,\1. I!". II II 
HI dl'filllt hili. il l'allACIII (·oll"i:.t:- III IIlljC'1 h IIl1d 1Il111 plti"I1I"; sHt b(1 illg 
1'1'1111111 "XI"'II'" il'o\ III II,,· IdH'"' 11'11'11'11('(·.... 1."1 11'" 1I'(';dl Ihlll II !l1'l'"lic';i1 
I... II (1I1111'1II'lIdlllll 1'1111('1111 110111 II ... itl' S (II ('1111'1,(01'.1 wilh a Gl'olhl'llIlic'('k 
II,pllloA,1 "i"I' [IJ.[:1). 111'1,:11) 11/ IIl'lIlf'/!,,,I'1 Till' hll"il' Iltllillll i:, III(' llipll' 01 
pl'l,... III'IIVC'!'> (III. /,'. T) liS,,", 11'1111 /'1 I lI'illi H PIlI'I ii'll', ~P;l('1'  flud Iillll'. 1'1':'»<'1'1 il'('1 I'. 
1'\01" 111111 pl·l':-III'III(·... (10' ,1) Ill'" dl'IlI'1Il1illjJ, 111'1111 1111' 1'111'1 idc' III. [0,;11111'1.1'. 
Iii!' ~I'IIC'I'  11111/ 111111' d"pl'lId IllllUI 10l'1I11.\' III. HI'c'uli 1IIIIt IIii:. dl'l'('lIdc'IIC'.I· is 
II ('111 I.... 'li I11'11('1' III qlllllllllllll·IIII1IIAIt'IIII'III. (Sl'" [7, lillI' [xl 1'''1' 1111' il ......C·I'li"II.) 
1.1'1 111 I,,· II !In,,,IIl'''1' 01"'1 II :-ill' S, i I' III l 01,(.<:"). i.l'. III i... 1111 olljc'{" 01' 
!11t' c'III1'14"I I ""111' fll 1,:-1 It'l 1\ I'''' 01'1" S (Fill IIt'li,1i1 illlll'o or )J1'I·~·.Il1'IlI·"'"  "il,·" Hlld 
1"1'"""':-1111111111' 111111111011:-0. :-11'['" :11. III PI) l\ofl'lIl:,ollial ill '7] Hlld [~I.  
1111' 11'1111 II I "ill' j ... 1I.... ,d \\'h(,11 il I" 1I·li·1I"d to ill 1111'1)1('01' or 1-lllP').... 
2. 11<1 1111111 to uul so 5ilia 11 Hull tile Lar'gc 
\ II ..11.11'1'1 tlf I "lit• S I" "'11 id I tI 111' II W'lll'llIli/l'tI I illll' (pI 'I iotl) 11\('1'1' nI'l' 
I\\'II "p' .... 'If III WII II' t" I' .... i II till' III'~  II I ..I I IlIpll'" i 111 "I. 1\ Ih'lI 1I11' IIllllwlt , 
pll .... llI'lI1" III I" 1It11 01, ·1 \'1'11. ;11111 .... 'llllldil. 11"111'11 IIII'\! 1Ill' ilion' I hall lilli' 
C'hllill ill ••11.1",1:­ III ,hI' I .. ill':-' (II" ill 1111 1'''''4 "I' \lc'lI-kllll\l1l dOlllth~,,111  
,pc'III1Il'1I1 J, 1111'11 III j......aicllo hI' Ilu III \\':111' :-ollllc' '\,'\1. WI' 11"111 1'1 l1I),id. 'I 
IIII' Ii''''' \I IIt'll III" ill 1111 III pllnidl' ... llIlc· (1·01 IIII' ,IUllhlc'-,,1i1 :Il1plinllioll 
111'1 1111'0.... IIl1d I Ill' d1111 lil I "I'c' 1111 ('lIdil'l 1Il1'llliuIII'cl 1I11 1'1'1'''' [0] IIlul [12,.) 
I II Ii I b. ,,111'11 III j" 1I1t"1't1,·t1 It\ P 'Oh(S), II,\' ddillillllll. IIII'll' 1'\I"t:- n 
AI'III'rlllill~llillll p"Jilld \ 1111 "ill' S "0111111 tllI'lI·l'xh,l ... Ii IltOl'plli""1 ...(\) 
fnlllllll (\') 101'(\'). (M'I' Ii'.), 110\1('\'1'1. tHIlI' tlUtlli !>lll'1idl' 1'11111H' ill 1111' 
III pllllll·lt, ~l/llt'  II" IIIII~ II" /III "IW"'! ill 1111' I·~ill' j,., ",p"I'ilil,tI 11·l-\llIdlt,..... 
11'111'1111'11111' pllllkh' i... Ilh... ,'I·\'I'tlllI· 1I111. 1'1", IIIJlkl1l"i llr IIl1l'1ulondizlltiollS 
,,1'111111111 \ ill I-IIIPO:-' 1111'111',1 1111' <11'1'111 II po...i I ill II.... Ill' III 11111/ V II~  dl'''il'l'ilH'1/ 
ill [H]. 1'11111 i.... II'I'ill' III ll:. II cIiI'('c'I I'l'lltllll'l of 1l11ill,I,1 1111111," ;,1I11-1'1'1'1';!II'fll'I'S 
/II,. IIIltIJ('I,1 III III/I,. Illill fill' V II i:. III ('''11 ... \01,'1 II ('III'I'dlll; I I " J Id' V. 
tlllll j", {\'. I', f. (:-t.,. [t-I) \\'IU'II III "llh""'I'\!'tlll.\· P 0\1'1 V. CillI' 1Ill1llin:. 
1111 illlollllllllllil 01111, 1111\\'1'\'1'1. ,,111'11 II IlIiIIIWII:-11I ol,jl'I'! III, i.. '/1';'1'1'1',·<1 
1,.1 I' '111'1 Il lI,c'lll'rllli/l'tllllllI' pc'tin" 1/.1111'1'1' ('xl", .. II 1Il1l1plli"lIl ,,(ijl fllllll 
11/,(1.1 11 '111(1',1 .\llll'lllllllllllllll 1lIlllll'dl'lllll'c1ol'l'l I., '\111111'11', ..1'1""1111;'; 
1111 llililllllllli'lII IlIntih dlll1ll~  II ... l-\llIllllli/l'c1lilll' p"llIlll dill'" 11111 illlpl.'· 
llllli till' 1II1I1Iltohj!'('1 IIIC'II11 Ill' 01o",'1\'I',j h,\ 11 11\,'1 I) III j.\1 'I Il'm I. 11111 
('1111111111'11111111"" 1111 1I111lphi.. lll:­ ... (i,i) \lilh 1111 1',1111111 ic'1I I PIO.lI~lillll u(l',): 
111(\ I) • 11/,(\ ,I III 1I11111ill 1111 111011'111"'111 hllill 111(1)) III P(I)), 'I hi" i.. 
'1111'1111111 lOll'" 01 1111 Illllll'Alolllll pili 'Ill II 111'1111 \I hI "'IIICh illji, all illclh'idlllli 
pal l wi!' /I" 1111"" 11111 PI'IlI ilk 1111 I/, IIIItll 1 illllllllllll illll 111'111 = nIII" 
\\'111'11 III I'" 01 ':-"I\',d Itl' I' 111'(01 };"lII'l nll/c'cI HilII' IlI'l illd .. \ liI ...1 1I11c1 
1II1I'I l' III l.i 1111'11 tllI'I!' ,'Xi:-I" II IIICIIIIIII"'III I' hlllll \' 10 I ill S (SI't' 
lill 'I hl'll 1111'11' ,'XI ... I 1I10I'plll... lIl ... 11f/1I1 111(\) III 1'(\ ) nlld III(ll) III I'(l'), 
1l'''lll'(·llwl.1 Fill 1'/1111 1III'I0riZllI iOIl I I'. II ,,-. I 01" lIlt' 11Il1I'plll:'lIl \ " 
(' ill tIlt' I-:.Itl' S, llll'n' I'IU'I'I·l'oIHIIHI... It III Il"l'til'l!' slllll' 111(\\) 111111. I'm nIl 
lIlt' p,,:-.... ihll· Inl't .. l'iml\"IIj, "I' 1111' 11111I'pllil'olll til /', Illl' [lll·...lll'lIf III illdll("':­
• .' IId,,-1 _ IIIf,,")
111111111'illll.1 till' ('orn'l'o[llllldllll!.lill'llIl'l/ltllllll,'" w(1 ), 1//(1\), II/(U) 
lJf III ( \ ) ',"11'1 III! /. ) 'I'h""'I' 11IN,IIlII' "pili II1'( I III f111[\\ )} Ill'l 1"(,,'11 III( V) IIlld 
III(lJ) l'!'pl'C'I"I'llt 1111' FI'~'1I111/111 pili Ii,., III I hl' ,,11I1'I:...il'lIl ;,f'II;,(' (SI'I' Sc,,·llolI:l.I ill 
1111). !\"lil'l' .11"," lhlll I Ill' di",(·tilllll'llli 1111(1\1' ... 111(' 1I'\'f'I':'I'd wl1l'l1 ,·\,nlllllll·d 
111111' jll(O:-oIlI·,,11I1 Tl,i ... i:- b.'C'ItIl:-I' till 1'1'1'1"11('111111 il'lll 1'0111 rll I'll I'ill III 11IIII'tol' 
by cll'hllilillll OW' 1'1111 AI'lll'llIli/l' I Ill' 1I11t1l'I' Ill' rOllllttllllill~  II ... n·IIII1\'i ... til' 
\l'll-ioll 1'1 til" 1IIIIiolli gl\l'lI III 'II 
II  '" 1/  i 111111 I a l 1 11 '1'" ( III I' I' l l' I~I,  II ,.,lId a 111'111'\'
i t" I' (11.1111 llw 1'1t\" nall '.a1il\ h l lildi l~  lIinll-l iwro Iltl'OIY I"hil'
. 1·1I1t 1I1l1t'11I'1 t1I' H I/.: II . I "III' "1·.11 . III' /"I1I1I(1I1'x 11 1111', rllr 
1I1·l .. lI ll!.!JlIll l i · .. )••11111 II WklJ,llI lId, (Ia ' 11111' nl". qtul 1 lllJ,lill'iI\
Ililt I I It,·, II I 11111 lol 1·lIll,lI·kl!.lllIlIlIl (lill· ' ill l·It"III 'ly ( 1 11 11'111'1
III 0 '0  III  III hl.lilll·d 1't'Il. l I" 'I I. I I' "'111'1'1 " a: , ,lI 71, ' 'J.
I I  I 1 1," a 1-\.1'111'1111 "III ".\ 1'01l11l1a ",  lJ,\· ,il- IIa -11i 1/11
11Iddl' \'111111111 I IWIIlil"  1'1' 'I:: \\,lwl'll \ ITlllJ blll  'illiuw·III\'Olil, a
·il. 111111 l"(1 I'XPC'liIIU' 1ll1(1plll' liI/IIS i1I'I' 1111'1C111!~lIk  l!.i\ I·1 .
1 IIl' t'li tl tltlc  1111' ll.I·:-i 'II! ' "'d o Illl Ill l'l'lI '0~ I   It  , (1'11111111111
I h.I·~il·.~ ill\( p l ,II /lIld lilt, IIIIH'I'O( II, 1\1'11('1" 'ill:;~ind 1I1'/lIlId l'!'lnlil'il-> c'
 l... lIllpl l·i1. 111' "111 'll 1Ic!,1 IIIC'I I II I II I'pro II l'h .~  til III II II i 11 II l ,tI
Iltt'l  b I I It lild I!,l b II 111111"'11 Ihj('('1 'unllil! 1'1'11111 :-'l ld~' l~ 
Illinllj .kl'!. I hc  1 .11I1''I Ii l·. 1 1'1111' 'ild il lal c·llIIlilllllllll-I"ISI'c1l1 l1 ,., 
( ',I!. I III "1('1\1 lilf'I""Il I II .t·1I11l1· 1.1'( 1"1'11 1I11  II( I I'l'i  1 11'11 II If'r II Ol1 t''\ 
( I  thllll I' t 11'111 I "111 l'''' 1. u '1 pi III I'd 0111 .\ '1 rtllll" ;  111 , 
OlllllPllitllIllI1 OIIl' l,\ 111I'Jlllln'plll /I i llI'iI a anllldida '/ill l'lIdi 
.ll IlI lllll.IIIIIlI\ 111'1111,1 1 "'"I1Ii1I1I1'llnlll' Il l  dt tl \' h  l .11,.,('1'1''''
10 ll'l' l \'Iil ti 1111111 II I'll 1'~lIl  Hill I 1'1\\1., l'1'1Il't'tllo l,('nlll'  Ill
1"1111'1'1 1,  11.'\'1 1'011 1' I' d ,t lI \ 1'.1 III ' 11 III ll 'I1Ii1 III 11111 l ut;llI !.l,·lI 1·1I1 
 lIIiIIIJI "1 .111111111'('11111'1 p .. i  l ~r"-l il I  0111111111 ~ra\'  ill wdl' 'l'
1',""111111' ,1  (' , Ill   1'1 ,di \! 1'I·!t·Il·11\'1 , lIt-n om  ial
I  JlIIl I.O l IlIh a lIIilil'lllillll 111 1  ,, '1  l'll' ,l illl. Ill/I llIidl. l
1111 1111J.\l i"IIII  III\' I ult h'l\l ("' ' lIhlllilll'tl 11lI\'i1111 ,h " :-\0011 Ii,
I I I  /  ( I 
131 c1l'1i ll '" ,I \'i\1l1!.111 l ilI .... i. I. ' 'llljl'( 111 .1 IUlll h i"," I' . a i... ,\ l~ 
IIxl\llll~ .1" ill 1111' ,tlllilt' t'l1· I· l·' II  'al  a a pl'l':-III'" 1 
1 I 1 1 11' \'/1 till III ' 11(' 0 1 11 1 I'>i t' .' ; 'IIII' !: 1',1 tll 'I I IIII"'l dic' '
lo I/10'I' 'iI'I' rli. [2] 1 ' \ 1111'1111'1-\111'1 I l ~i(  I " I ' (II
·I·:-1,,·II\'(·... Ii, r  1I"~IIl'IIII(' I", l""  1J"l't d '. '-;p;1[,(' 'Ili l '_ l l'spt'di\'('h'
'11 I' ,," l·(·~I l'Il ·I ~ u II' "1'P 'wli lg Ilpllll lit" plII'l i'\ Il d.I·  
1111' llll'" IlIld lillll  cll'pl'lllll HJI IIl('ull.\· II  llllllll I ,., c Il 'll I'IIC·.I· ~ 
II IIII~I'C/I I'II('I'I J ll ll' I1 I'kllll'111, t'l'  /I11l11'j '1 1' III(  "ssl·I·lioll
III hI' I pll,... III III'I'I ·  looil • . ,. )1,( .. , .,',  i , nil llhj('('1 or
1111'1  ,It· 'I I' ','  p t·~II 'I""·. 1 1'1'/ ,', ( i c1l'1illil  'II" Ill' pn·,.,llt'lIl·'· ', ,.,il, :- all I 
1 1'" I'. IIlId till 1 1:-, "c ·[tI, ':. I I l" sll i t TJ le! .....1.
'  '111111 1.111'" '" I"lel ", l'lI II' n'!"'I I'" III IIII' Ill\'ort f 1\ 1"IS, 
~  lllall  lIof:-; Ill ll alld II m  
11 IIIIJI ( \ 01 III' .' i. l t I 11/ 1 I J'( 1Il· lIli/l·d l  l'"I111 Thl'I"I  n
l ol\)lI' ,11111 lII · .. llIfl ll 1111 hl~l \ I/I -f lll l . hi. , \1111'11 1 \ 1'i1l1iel. 
1" 1 III'1If . 10' ,, ''-\'III'd . 1'\ U1l1lh, l u· t 111 111"1"" .1I1 11111'
dll ltt 1111, 1' . 1111111 II  a 11111  nl. Ill' 11111-1.1\111 1 tI)II(,II~ IiI 
I '(11 lill l II I  ' til I illtl III Ill 1111 Ial" ,la l  I' I, will nlll i l l 
1111'1'11 1'1I1t111 II i  1\1 PIIlIUh' "'\1111' 11 ,ltl dlll l ll~..,lil  'ipplinl iul
01 t IIIJlIl  lll\ 1111'111  dll\ '-\ 1 fIll l die 1l I c,II" ! plllll·r.. (!ljlllll I 1I  ,  
t I  i, \\ I. 111"'""1  hI I' -ObI '), ).,· 1I1·(lIiIUlII. 1111'11' I·xbl. il
~"I 'llI iI\11 1/1111 I" '  ill 1 ~   .... , 111 1111'11' ,,'(L I~ I 111111 l i,.,11 ",(\')
1'1'l/11I III 1'1'\\' i  1'\ Illl l 111 1111 pl li ' 1  ). ,
llllit'il' HII\I ' ~ UII !. ' II 111l.1 I· ' -/'oil,· L 11I'I'il , 1 \·l!.l tllt' ,S 
I' I'1 l'  111 ' lt·  II 11->1'1'\'1'11 Ill' lilli, ' 11' Hlliolls l IiC'l'ulu tl !ioll';
'  IIld . 1-II'pol'> " 1 '1'0 111' , l UII.", IIlId H "s r )('d
III 1,1 '1' "" wril • II. ~  i  '11 pl'Oc1IlC' ,I' f lli!,· . 1/ 1.,' ..,1l11-jll·I,:- It )\'I\ 
,. Il1l1d.\ 111111 .Il l i 1'111'  1 ­ ·lltH.. ld,·!  1l1'C' 'illl;\I',I,'1  
I It II I b. \', 1',1 ,I'" lil '111'11 I.., IIh""I'\'pd h.\' l' "  .OII(·I'! laill:­
ll i  illil III' III 11'1'\"' wltl'lI /I Iil·IIIl'Il~I l,"II.il·C·1  11/ ,,, ,liu'I I'('d 
1,1' 1'11  I 1!.1·1I1· lIli/l'lI 1· P('lillc! \ ,.1111'\ '(1M .. 111 11 1'( I L I I . ) I'nl1 1
1.  I I J It I 1'  I ',I '\1111"1111 III IIIIlI 101 IH' d,· Ilt'd 11111  Ill III{I'  "IHilllllllt  
. i l l lllillillll 1111'.11" l l~ hl ~ll \' Ili/"d  l' 1'1'111111 Ill/I. 1\ lllpl.\'
11\11 IIII 11111 11 II"JI'I 1 111111 II IIlt.1·I I'lIIl~ r 11'  11I1J,1·lIlml. 0
1'1 '11111  1'1  IlIlIrpll . II.. IJ 11/111 '; "" 1'111 IIIJI'\li lll ;; \',)'
1(\',) II,(IJlllllll 1 l1 1I0 (,hl III 11"111 III(I J ) I  ), i. :­
IIIII' "f 11 1111/1 "I I III " ,,11.;11111.11 lll'I 11 1II IIo' 111\ 'l llvil l!. .111 1I111i\'ld ai 
.lJ i 'Ii ,,,, tI)I' Hilt pri l I,ll fill 14101111  ' I 1llll o
1' 11111 "IN'I 'III 11\ r /\"1 ~·'· l(',.t1i/I'(111I11 ' lI i.lIl , 1i . alld 
"11'1 ,III'lt I' 'I  I lIll phi. / 0111 . ,. .' • 
I i) IIII ll  ".'1 1 1 11111111.111 (PIlIl  I /11111 111 1 ) 1'(1'),
II' pl'I·lill' 1"111 111 111'101'11:111 ll II / 1\ I', / I 111I'lIll1 'phi.11I ' I' 
Il ,' -il ' .'  t I·II'OI ". III I" I 111-plI·til·lt· ",III\(' III(\ ' III Ill, al
Il l ll.~ 1l '  1':II'IIl ll'II1loo of I 'lll i,.,1I1 111 " 1li, p '"lIl'''1' .. 1dll('I'" 
jl " I '''l/' l 
hlllllll'llI I,l I Ill' I·OI'l'I·"',H, lIli ' 1'1I1·lori/IIII,)II. 11/(1  1/(1\ ). 1/  
Ill'   l ,"I/,j 111(1'  11 II JlooC' III Jlooloolill '' n I~"  1'111 {III[ '  llli' 1'1'1 \I
 ) I'C'PI' '11'111 I iii I'l'~'lllll/lli  1111111:-111111 '1'IIIloo!-o t' loo '11 ... · i ( ,' 'c·li ll
Ill)) II it'I' II Il 1\1111 I l,·I I IIN III II'"\ '", \  't'\'I' ' -I''' ll I I' 'ill tl'
II 111'1111':-11 • II II. l l' l'I  III~  1III pl l Nlll'nl' III :- II I'll \'11 r  I'l ll r
h~  "·fjlli!1I111 )111' ' ~1'l 'l Ili/I' I ' ""'1'1 I fl lll lil II il "" I~  1't· Hlh·i ,t c' 
1'1'1. illi /,1 ll' 0l l i  ~ill  
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3.	 COllclw;iolll u, i n 
'1'11(' Jall.l(\lill!,l' 1;;llq!;OI'Y tl,(vr.\·. ~h('Hf 111(vr.\·. i.p. iI tupos lh('()r.\· tall g:1\"{'TIll' l ~lla;.!,p of {"a ~o1".\" tlll'LlI".\", l'/l llll'Llr.\". i ." lo oS lh~} ," CHII ,hT 
lPlillit<lti\",'"l1l1lysis'pm t,'th'  ;'lIn  itll'llysi,,,,.l':'oI,,,,·i,,lI,\"l  pll.n<k". '·"I",,' a l.  ill qlPllllllll1l" 1tll ll gmvil.'·;!,rnv l.\  a.~ [.'"oJ.ill III· rl
Ii'll. 	 1" ()rd~'r to nhli\ill Illlailtitllli\'\' r.·~uh". 111l' 11011011 ,,(·i\lillJ.( 1ll'l .. I" tol~ 	 I(J�III \ltd,>r tl 111.lHin 'll il q, 1"1·,.,IlI!S. lli.· lI\!tjUll of sl ,dillj H I~b  
I,,· illlro.hwt'd. ·J)',uliliollilily. lilt' li,·ld" )"'nl'11I1I1I",r" 'Illd (·OUlplt·;..:
 1111111­�H' III nJ< lC'( '11. Tnu I I iJlI IlI1,\" 1111" I , ,I s of ',.  111 1 11"'1 s , (1 JlIIII'I<·)( ­
Il('r~ Iwv{" h('I'11 H~{"d ,,("alill}!;. SOllt" ha\"(' Hitelllplt·d ltl liS(' Ih.· rill~ ofIwr,., 1111\"1' l'(,\'  Il.~f'(l for N:alillJ,!;. lllIU  !lll\"l' lll'III]I1I'Ill" 11Sj' tIll' ill1-( 'I  
p-adit' illl,q;t'r.~ ill"t<'"d or 1"'011 I"'III pi,';": 11I1I1I1H"r". 1I'·IIt·,·. IIII' "'llq;uri,',,1IJ·,uti<- lSH'llI!q;('I.~ ,il' n lll or 1"'I 1,lc'x 1 1 11",1'"  11'l1!"C', !" ('Ill,'g",ri('nl 
a[lprmwh aloll<' I~ lint sliflil-i"lIt for Ilpplil'lllioll" to pll.\·"ks. I[ow,'v(·r. fill!'nll n d1 lcHI!' is 1101 Sllffic'ic'llt f01" a lil'lllil>lIS II' ll 's .~ ] ["\\"C'\"I'l". ()'Ij' 
"IHlIlld 11iI\'t',,1 1.·",,1 OIH' tlH'or,\' f"rllllll"tillj.\ bolh IlIiITo"":"lll '11101 1Il:1no­,.,11"ld I,n\"";ll 1-;0:- l l(" . !;lI" Il1llalillg, IlI'l11 11Ii.-rIll·",.,1I1 ; , 11'H'1'
r(>~lll. L.· II lIH'IIIO\' 1111 q\HlIlt 11111 ;..(I';l\·il.\·, wit h 0111' Illilt IWIIliI! kal lIu)<I,·1.I'I>~II1, I.,'.. 11 1111'\,r.\" "ll 1j1li1ii IIItI p;1'1I\·il \\"illl Olll a ltli" il"ill I lIH ,!  0111 
l"lloin' i" 'I (·"lq!;or.\" of pl',·"llI"I\T" hU1l1 >1 (1-) ,~il"j ,· 10;l pnlllllt'l n""I.(lJl'.\',..Ja) s I j'al "g:u1".\ u n''']I 'II\"('S fWlli 1 (1" I'I""dl l"l ,'atq-\or ·. 
j" "nil,' il"!"I"'lId"1I1 ;owl lo;lI'kg'r""IHI "pil('l'!illlP frr·,'.Wllidl is ."wnh, nd"]"' IlI"llt a Ilil 'kg,l"IlIllul sP'U'I'til l" l'n'  
Ackllowledgmclltllo !cd nlCl  
TIll' "lIlll(J1' 11"11,11,1 likl' 10 11lHilk Igll;l"i" Li,':IIJIie"t;1 f"r illl'ilali"l1l\'ilati"1  ;llId'I l'! 1'11­t n1l111(JI II Jllilll i " 1' 1"ll 19,1 n"i lU' 11i.~
('Wlnl};l'llll'1I1IlI l"a)!,I'I'll'lll willi Ill<' prl'l);\I';11ioll of tbi" 1'<1[>1'1".Will  lit· Im'pm'al OI' ,l I Ilis ]Hlp, r, 
RcrerenceserCI'C1IC S 
I.	J  	 1\".~hi\l"ra.I\I .. <Iud :"kli'lI,irn ..1_,	 (:llll)!i).JtlW;]  ('ofl'ym'/"_'V011'''.' 1/"'/<1 ,1.'1'/1"11"Sholl  '._. Sprillg,'r.llg, l'] ,, l i \:lra.!lI. IUU! Sd'apil" . ,I. 
C"lrawl. S.. 'I'll. (1!m(i). J,,,.t/,,,,I.,·· of /f"/1I"lllfl'lYlf Af'I,I>I7>·2.	 ,·lf 'Illd I\Jallill, I... ]!!!l/i , ,\{ ·II"' I "1//"""'//)(111'11/... ,1/11,I>m.a rl	 1I]ll i1l. YII �
Spring'·r.
j"l'."I',�
 
:1. ]\"10. (2()(j(,).J  '/,/",7'1>,' !/"'ldIIrar/ ofIII ('allllnlo/llqy.MIIJf/lnln !l  Sprill).(l'r.Will N 
l 	 \,,1<>  C .. � 
I.	 	1,.11"111. (' ..  "lid 111111 ,'r1i,'hl, ,1., (j !l!m) Span'l illl<" "lid II ... ploil, ,..,,,plli,',,1 ,1i,,1.l,-h'"ll. {  an · " . I . J ~1~1!' I"II""I ' 111<' ,i "", li " i ..h"l­
1f'1Ij:!;1· of llUallll1l1ll!;rf'l\,il,I·. arXk:gr ql'/!JOO;Jtj72IPIlJl;l' " '11ll'1Il1l1l1 ).(l"'will·. h-: (W/!J!)(HtJi:.! vI. 
 
ill,,1 n'.",lnli,'I' II","I'  illll""
r,.•  	 i\lnlli"". AI al i,,~. I'... llid llapli".I " l ~, J.. l.'illil"I",\·1" Fill i1r, ' I\lg,'lmli,AII-\"hri - · .... 'lll( .lI  ... ll<'r
 
Sdll\'al7_~t'hiIJ ",illJo;ulnrit,\'. arXu":ll,r-tll'!O-lUl:iO·I!j \,:\:W AUI-\,2oo·1.
,·hll'ar~.,,· ll! il jo\IlIH \·, Il o\":gr-llC'/U·lOtin.];j ':1211 "I.(.200·  
Ii. I·.. (1!1!1(;).I~l!j(;). T"I"N>,~;IIill 1'."''''1',,1 II",,)'\, "f
	( 	 	 (;UI". ,\III.~, A,I\.1\, .",d,, 01 (:riuk,·dd,.;'·;lIk'·I,;<II  E II.. I"'~'''' '."111"1" , ll", ,n I'
 
1',,1,,1 il·it.\", iq,;r-'fl"!% JUU7:1,
"<·1,,  il"it.I·. arX i"'gl" '1("/  I II i:l, 
,. 	 I\alo. C EI"lIH'lllal pl'il«'ipl,.,., "f 1_1"1""" (21MII). 1~·IH1}I,h.ll'';.! '"m/'}, 11'''' 68 (.I)-]\ ll,.,	 G .. 1';I IIH'1I11I1 ",;!,l,. . I' l-l"IH.-, 1,,11I ,  ..
 
PI'.pp  Hii-li:'!'
Ifj'j"-I7L 
S.	 1\111". (; (2()llr.), 1']Pll"'1I1111 "g. ["iudpl,.,.	 n·l"t i"i",i,' 1-1' 'I"'~. '~"ml'h!l'';.J1I1!1 '''X  	 I n, : .. :.100f, ':I"lItl'U "ll,p;, 1'1';1"';1'1, ,, "f ,."I"liv ,; · "I'' 
 
I.</f 71(2). 1'1'.1,2 Ii:',
/, /1 .. 1 I'p. 7:J 17S 
T..lllaka. T ..  (20!1Ii).0( , ;111('1'1"'1'1'1\<"'(' '''1111'01',,1I(al", C ..	 1P1l 1'0l''']!l,~ _	 	 \ l . andll  nn " 	 nouhl,'-~lil()lIl>k-~li' illl"rkr(" "'(" 1\1111>lilt! 
"'1'''''. 1-i"""I,Ii,,,,,, of /'/;!I.'"'''' V"L 36. N, •. J 1.1')'. In... I lilMl,1"1""". Nnwi/,"""'_ "I 1'1111'''''''' ,,1. ;1 , 1'1",1 . 1'1'. sl I'I ). 
ltl.	 I\>lf"t,,~, .'1.. J,,,I,,,, Ro,\'. and '!"lI1l1k, SIIl'afll",,,,..\, /lml g'-olll(-'lri,·10  l afaIJl .\ ..1\111.", (; .... B".v, S.... n  T'"n" •.. T .... lu';lflll ·"r v lI l ''''1I11·trk
 
"1'1'1"1,,,1"1110 EI·Il11<JIIJ...."lily. ,,, I", ~ul",,;tll·d '" 1-"""11"1",,,, "f I'I'!I''''''·
' ' 1< Ii I" ";1'1( u<>lIh"'l1lil.l', '" . "t.I" ,,yl I I'; H/II I " .. I l'h' ""'­ 

II 1\"111. C:" Ulnd" hor/Zorl IIwl '·IUI'''.'. iu pr"lJ>lralinll,
h:alil G .. IIIm'A- IJlJrl~ r, /wd 101 0. ll n'pltr>llir,,1.
"1"1. (:"II'I\"'~", 1\1_. (20Ilr,). H''''''''ll'<'h "" hidd"11 "ariahl,· 11""ri,'~: An',,;,,\\,1"<'l'il'W "f
. 	 ",1\""" i I, "lOW , '''; al,,'10 ,," I.iddnl u l ' II"y, ,.,..· t\ 
l"t'(.·l,,,t I'''''g.r..,,~•.,.., ,'h./j...,e' 1(,I~jf"!, ..,113, PI', :I!!l :1!Jli.'' t.~·III ,,o r(-':<.""". I i Me. /l l'o>'!". 4 :1.1'1 ll m(i  
. onclusil;H1
{' InI1K Ii ~t v nlh'v,,,n 111t'uf , :-1 I' I I ll'ofY. l' " lo "'" tht , \ l'a j,l,i\I'
Il lalitalh ' Hlmh""i... ill \·"il- '. l ...p.... ·i" 1\· ll IJI*,,1I11I1 1 .:m\il · " l [ . ' ,
[..:]. I onlt' 10 lll/till qu u l lltin' n"," til\ I liO i f :-t:a V; l l, 10
ht' j ' H11I\'l~ l "lmlh' ,· tid ... uf n a " 1'1 " a 1·"HlI,I,·x lI l l-
l'- tl\·(, 1"~ 11 ll,..;'{\ fl)f "IlIl V 5 w an' .tltt'1l1 ' \:'tlltl li ' II' l V; u
"'''' lit· i h'j.\ 'l" .' "1111 "f 'n 0" n lllpl, l \,.·,... Ih " I lilt I ".I:."l"i.'a
Ilp ..nadl i luur io; m uffidl'III r J1J lif'i1liHn,. u l \'''](''', Ihl \'I' I'r nul'
..I"llllt\ m\".· a II iL.. t "llt· Ilw.,n .,nllliialil )! 1... 1 lIlknlt l"'lll illLOI Illfll·I',,..
n"' 1. i a ~ n' 11 1 11 111 1 ':I"I\ "il\'. - t.,n mall"' l al "II'hltl"I, ()11l
d vi I.. a ,11I1:;on f I' ",h,·a\".... "UIII " 11-) :- tt In II 'T<Hhw lo'WJr\.
whil·l, i.. N', ' l l' It'wl"11 lld 11i1\ k~fOl l lll \);II'('lillll' l"l'·
ll wlcdglllClI1.
t al ll"'1" \\,,"10 . III lllal 1-\ 1<1/i" l·"la u h .. m awl ,' -
UllnIVoI'1Il1'1I I l\ lIrq,amti r lh .. P"I"·"
fc
t.;:'L.hi" m. ~ an,l ~·h"l' ril .. ·..'IMM;) n, . !lum _ ,,,,Ii :.;It"'l·•• ,,"1
<:.·lfllll'l 1,,,,1 \I: n. \'11 .. 1l't II; . ;\Idl 'il. 0 f/ ",,,/II /It'f / /'1' h
l'ri"lo:.,·r
~ KHI" (:., zooco 1/11 U flIl ill III/mll /fItl pri ~""
.lmlO . ,1 "" "11 1'1<1.1 1 )'I'I :",,'1 I" :01\,1 l h ' 1'1,;1.0, . '1'I,i<10 • 10 ,1-
p,,~., 'I ' lilillllloto ";Tll\ll' Hr i\";,t.:r {1I' 9<JOJlJi1 \'1
t 1\1;,l .., ,\ a" I l''' I l';!I" . II-:.,·I""j " I"II"" ..I' , "' t'l
,,,,,I""/..... ·hil,1 ~ l\ll fol'il'·. Ir \J\':tI;r-III'"! I!kiU¥, " \ :.» 1 '\ )I,.:NOI
h {: I".: .. ,oj l l "I" ' B 'lIi . '] "IH ........ III ;: Ilt'n III,,~.1'1
n·lllr vill·. ,I':lo:.r 1 l'/\.IU IJ. I.
.. 1':,,1" -.1"""' 11,, W no i]1I, .. - 0'1" '. :ll ! -;"ml !I,~ ,1 II • fiS II
1'1 1I1' 1T1.
s 1 M)~, . llt'ul"II jl" pl'ilwil l, .. " I , ,,,i ·I l ""'. r: ",/,III/"
,d' '1'. IT' Ts
. 1 111" n " II""kr, 1 " >l....- Ii' ll·rfl r...."N. Ill"J ('ll l'nrnl
, ..;.1""""/"/,,,, . til .,' .'''' ,, . J o.1 I PI , 171/1).
III lI :1\<'''' \ \IIIII. 110 11. fi rHl l : h"ll ,It.. ,r.\' ud '' ''''''I!' '
HI'I" ' "" II I" 1': 'Il Ol<", ·,,lil ". 1 .~III' , 11 .~I I,J '; '11 /'" " , 1'/'1 ,,·.
1\11\ <.: IJI,.,. n(m /llllll·/,,/ O.•. III I'lJi flli "
1. { .\",.,., .. M. 'JIMI," 1l '''':I..d, <l <'l I·" j:l . rh,uril'" i 'lu \\'
1","1'. lI'l'li t"".... .. / lIy._/(" U' ,m·t._ . 11 1 %
